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Preface to the series 


At the present time there is a growing dissatisfaction with mathematical 
work in schools. There is a feeling that the content of courses does not 
fit in with the present-day needs of science and technology, industry and 
trade. At the same time the attitude of teachers towards the teaching of 
mathematics is undergoing a fundamental change. More and more 
teachers are coming to feel that teaching by ‘rule’ is not good enough. 
They want children to find out more for themselves, to question what 
they are doingand to find their own ways of solving problems. They want 
children to understand rather than to learn like parrots. 2 

These two movements—the modernisation of the content of mathe- 
matics and the shift of emphasis from ‘the teacher teaching’ to ‘the child 
learning’—are going on together in many countries. They both make 
large demands on teachers, especially in the primary school. These 
teachers now need to take a new look at mathematics itself and at the 
same time try to introduce more enlightened methods in the classroom. 

If these changes are to come about, teachers in schools and students in 
training will need all the help they can be given. It is for this purpose that 
this series of short books has been written. The aim is to give teachers and 
student-teachers a new mathematical background so that they can 
introduce modern mathematics in the primary school -The books do not 
set out to deal with the classroom situation itself but they do present, at 
teacher level, the kind of approach now being introduced into schools. 

The completed set of books will provide teachers with a mathematical 
background for their work in the primary school. The approach is simple 
and straightforward and no previous knowledge is assumed. Many 
exercises (with answers) are provided at each stage; they need to be 
worked through very carefully. The exercises not only consolidate the 
work already done but provide the starting-point for the next stage. 


St Luke's College, Exeter DP. 
October, 1971 LL. 
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1. SHOWING RELATIONSHIPS 


A. Relationships between the members of a set 


Look at the set of children. They are arranged in order of height. We can 


make statements such as: 
Jide 
Jide 
Jide 
Jide 
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is taller than Yusuf. 
is taller than Mary. 
is taller than Grace. 
is taller than Anieke. S 


Yusuf is taller than Mary. 
Yusuf is taller than Grace. 
Yusuf is taller than Anieke. 


Mary 
Mary 


is taller than Grace. 
is taller than Anieke. 


Grace is taller than Anieke. 


To write the full set of statements takes a long time. We can save some 
time by replacing is taller than in each statement by an arrowed line. 
The set of statements then becomes: 


Jide 
Jide 
Jide 
Jide 
Yusuf 
Yusuf 
Yusuf 
Mary 
Mary 
Grace 


is taller than 
—— 


— > Yusuf 
———5——— Mary 
———À——— Grace 
= Anieke 
——————— Mary 
——————— Grace 
—— —ÀÓ5——— Anieke 
——À—— — ‘Grace 
————— —— Anieke 
———— Апіеке 


We show, above the set, what the arrowed line represents. 
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SHOWING RELATIONSHIPS 


We can save more time and space by writing the set of names and then 
drawing the arrowed lines, like this: 


is taller than 
——— 


Again we show what the arrowed line represents. A diagram like that 
above is often called an arrow graph. 


We can, of course, sh 


orten our work even more by writing only the 
first letter of each name. 


The arrow graph then looks like this: 


is taller than 
=== 


Exercises 

1. In the graph above: 
(a) from which child 
(b) to which child do 
What do the answers 


do most arrows go? 
Most arrows come? 
tell you? 

2. Draw an arrow grap 


h for {Jide, Yusuf, Grace, Mary, and Anieke} to 
show is shorter than, 


is older than 
3. Look at the arrow graph. m 
Which child is: 


(a) the oldest? 
(b) the youngest? 
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SHOWING RELATIONSHIPS 


Mr and Mrs Akinleye have six children. There are four girls (Anna, 
Omono, Caro, and Grace) and two boys (Paul and Tani). 
Here are two ways of showing, for the children, is the brother of. 


is the brother of is the brother of 
—— ——— 


In the first graph two arrowed lines are drawn between T and P. One of 
these shows that T is the brother of P. The other shows that P is the 
brother of T. 

In the second graph the two statements are shown by putting two 
arrow heads on one line. 

Both of these graphs are correct. We can draw either. In mathematics, 
however, the second kind of graph is used more often. So, for this reason, 


we shall use it. 


Exercises 
4. Draw an arrow graph to show is the brother of for the family of 
children below (B shows a boy; G shows a girl): è 


(a) (b) 


SHOWING RELATIONSHIPS 


5. Here are some arrow graphs of other families for is the brother of. 
How many boys are there in each family? 


(а) is the brother of (b) is the brother of 
——— ——— 
ж E 
са; Р Д 
6. For each of the two families in exercise 5 draw a graph to show 
is the sister of. 
7. Draw an arrow graph to show 8. Draw an arrow graph to show 
1$ six more than for this set is a half of for this set of 
of numbers. numbers. 
5 17 4 12 
94 T 6 16 
23 100 24 8 
9. What can be written for the arrowed line? 
a 
PRU =з (b) А 


SHOWING RELATIONSHIPS 


10. Here is a graph of (2, 4, 6, 8, 10} for is a factor of. 


is a factor of Note: If a number divides another 

Ss number exactly, the first number is a 
factor of the second (e.g. 14 + 2 = 7, 
so 2 is a factor of 14). 


Why do you think a loop, ©, is drawn 
for each number? 


Is it true that 2 is a factor of 2 and 
that 4 is a factor of 4? 


11. Here is a graph of (1, 3, 6, 9, 10) for is a multiple of. 


is a multiple of Note: If a number is multiplied by 

C a second number, the result is a 
multiple of each of the two numbers 
(e.g. 2 x 7 — 14, so 14 is a multiple 
of 2 and a multiple of 7). 


Why do you think that a loop is 
drawn for each number? 


Is it true that 3 is a multiple of 3? 


12. Draw an arrow graph for (2, 4, 6, 8, 12} to show is a factor of. 

13. Draw an arrow graph for (1, 5, 10, 15, 20) to show is a factor of. 
14. Draw an arrow graph for (2, 4, 6, 8, 12} to show is a multiple of. 
15. Draw an arrow graph for (1, 5, 10, 15, 20) to show is a multiple of. 


16. Choose six of your friends. Find their ages. Use the information to 
draw an arrow graph for is the same age as. 
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SHOWING RELATIONSHIPS 


B. Relationships between the members of two sets 


sR is of age 
is in class g 


Exercises 


17. Look at the four arrow 


graphs shown above. Write all you can about: 
(a) Jide, (b) Grace, (c) Апіеке, 


18. Are there any brothers ог sisters among the five children? If so, who 
are they? 


19. Choose five children, of different ages, and draw four arrow graphs 
like those above. 


20. Copy and complete the arrow graph: 


is a city in 
—›— 
Lagos Canada 
Rome England 
Montreal 


Nigeria 


Accra Kenya 
London Ghana 
Nairobi 


Australia 


Brisbane Italy 


SHOWING RELATIONSHIPS 


21. Copy and complete the arrow graph. Make sure you draw all the 
arrowed lines. is 


— 
Fas a triangle 
EJ a quadrilateral 
= а parallelogram 
[ | a hexagon 
P 


Look at these two arrow graphs. 
is 2 less than is 2 less than 


Both graphs show the same information. The second graph, however, 
is easier to draw and to read. For this reason the second type of arrow 
graph is frequently used instead of the first when we are dealing with 


numbers. 
Exercises | 
22. What can be written for the arrowed line? 
а) | —— (b) (c) 


= 
o со 


> 


—— 


— NO RO о ~ 0 


N 


о 
9 
8 
pi 
6 
5 
4 
3 


SHOWING RELATIONSHIPS 


23. Draw graphs like those in exercise 22 to show: 


(a) is a third of for (1, 2, 3, 4) as the first set. 
(b) is one more than twice for (1, 3, 5, 7, 9) as the first set. 
(c) is one less than twice for (1, 3, 5, 7, 9) as the first set. 


24. Decide what the arrowed line represents. Then copy and complete 
the arrow graph: 


(a) (с) 


—— 


1 
2 
3 
4 
5 
6 


о © On 


= 


(d) 


1 

2 
3 
4 
5 
6 
7 
8 
9 
о 


1 
2 
3 
4 
5 
6 
7 
8 
9 
[ој 


7; 


Important ideas in this Chapter 

1; 
The use of arrow graphs to show relationships between the members 
of a set. 

2. The use of arrow 


raphs t ; : 5 
oone ind th graphs to show relationships between the member 


Ose of a second set. 
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2. SHOWING OPERATIONS 


A. Another use of an arrowed line 
In Book 2, Operations with Sets and Numbers, we introduced the word 
operation to describe activities such as addition, multiplication, sub- 
traction, and division. We used the terms addition operation, subtraction 
operation, etc. We recorded the results of the operations as 4 + 2 = 6, 
5 -—2 = 3, віс, 

We now look at a way of recording these operations in a graphical 
form. Here is an example: 


+3 
—— 


[o « 


The arrowed line now represents an instruction. It tells us to add three 
to each member of the first set. a WM 

Up to now we have not used an arrowed line in this way. We have used 
it to show the middle part of a statement. For example, we have shown 


‘Jide is taller than Yusuf’ by Jide ~~ Yusuf. | | 
So now we have two ways in which we use an arrowed line. This is 


why it is important that we should always show what the arrowed line 


represents on all the arrow graphs we draw. У 
Here are some more arrow graphs in which the arrowed line is used 


to represent an instruction. 


= x4 
5 = 


SHOWING OPERATIONS 


Exercises 
1. Copy and complete the arrow graph: 
By as Bu 


> 

ES: 
EA 
ca 
[| 
ra 
za 

JESEN 


OONDNAPWN-= 


2. Copy and complete the arrow graph: 
(a) 


х1 


о 


(b) +10 (c) +2% 
—— 


3. Copy and complete the arrow graph: 
(a) (c) 


4. Draw an arrow graph for: 
(8) (6, 8, 10, 12, 14, 16} and 54 
(Ы) (2, 12, 22, 32, 42, 52, 62} ang +10 
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SHOWING OPERATIONS 


B. The idea of an operator 


When we use х 7 as an instruction to multiply each member of a set by 
seven, we callit an operator 

Used in the same way, +3, — 5, +8 are other examples of operators. 
An operator acts on each member of a set and produces a second set. 
The idea of an operator is very important. It underlies many of the 
operations done by a computer. 

Of course, there is nothing new in the idea of an operator except the 
name. We have often used the idea. For example: 


6 + 2 can be read as 6 add 2. 

6 — 2 can be read as 6 subtract 2. 

6 x 2 сап be read as 6 multiply by 2. 
6 + 2 can be read as 6 divide by 2. 


The difference is that instead of thinking of two numbers with an 
operation (e.g. 6, 2, and addition), we tend to think of one number 
(e.g. 6) with an operator (e.g. +2). The result in each case is 8. With a 
computer or desk calculator, we put the first number in the machine. 
We then press a key to add the second number. 

We can have more than one operator acting on a set of numbers. 
They can, of course, only act one at a time. Here is an example. 


SHOWING OPERATIONS 


Exercises | 
5. Copy and complete the arrow graph: 


7. Make up an arrow graph for the set of operators (in the order given): 


2 
(а) (43, x2, —5} (b) (x3, +10, —7} (с) (x2, x2, x2) 
8. Look at this arrow graph. 


Use it to give the answers to the following divisions: 23 
(046 + 23 ()60 +23 (бо + 23 (9) 82 + 23 (е) 92 + 


Important ideas in this Chapter 
1. The idea of an operator. 


2. The use of arrow Braphs to show operations on sets of numbers. 
12 


3. RELATIONS 
A. Ordered pairs 
Look at these arrow graphs. 


is a city in is 6 more than x7 


Nigeria 
Italy 
Canada 
Ghana 
England 
Kenya 
Australia 


Accra 
London 
Nairobi 


Rashiel 


EN 


John 


The first arrow graph shows the set of statements: 


Lagos is a city in Nigeria. 

Rome is a city in Italy. , 
Montreal is a city in Canada. 

Accra is a city in Ghana. 

London is a city in England. 

Nairobi is a city in Kenya. 

Brisbane is a city in Australia. 


There is another way in which this set of statements can be shown in a 
shorter form. The cities and the corresponding countries are shown as: 
{(Lagos, Nigeria), (Rome, Italy), (Montreal, Canada), (Accra, Ghana), 
(London, England), (Nairobi, Kenya), (Brisbane, Australia) } 
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RELATIONS 


In the same way the set of statements for the second arrow graph on 
page 13 are shown as: 


{(12, 6), (20, 14), (34, 28), (59, 53), (72, 66), (89, 83)} 


Exercise 


1. Show, in the new way, the set of statements for each of the other four 
arrow graphs on page 13. 


We have to be very careful, of course, to make sure that the two members 
of each pair are written in the right order. For example, 
20 is 6 more than 14 must be shown as (20,14). 
It would be wrong to show it as (14,20) as 14 is not 6 more than 20. 
Likewise, 
Lagos is a city in Nigeria must be shown as (Lagos, Nigeria). 

Because the order in which the two members are written is important 

each of the pairs written above is called an ordered pair. The idea of an 


ordered pair is very important. As we progress in mathematics we shall 
find that it is increasingly used, 


Exercises 


2. Show the information in the arrow graph as a set of ordered pairs. 


(a) 


is 2 more than (c) is less than 
6 
g 8 DM 
14 ) ES м 
S42 10 
igs не 
(b) 
is great (d) is ji 
greater than 5 twice 
Cars 19 
UC 
18 ———7 


RELATIONS 


3. Write down the set of ordered pairs shown in the arrow graph. 
(a) is 7 less than (c) x11 
— 


(b) goes faster than (d) is one-third of 
o 


bicycle 


4. Draw an arrow graph to show the set of ordered pairs. Show what 
the arrowed line represents. 
(a) {(12, 6), (10, 5), (8, 4), (6, 3), (4, 2. (2, D] 
(b) ((hexagon, square), (hexagon, triangle), (square, triangle)) 
(c) ((6, 5), (6, 4), (6, 3), (5. 4), (5, 3), (4, 5) 
(4) (C7, 10), (7, 9), (7, 8), (8, 10), (8, 9), (9, 10)} 
(е) ((1, 4), (2, 8), (3, 12), (4, 16), (5, 20), (6, 24)} 
(f) {(100, 10), (90, 9), (80, 8), (70, 7), (60, 6), (50, 5), (40, 4)} 
5. Show this arrow graph as a set of ordered pairs: " 
has two more edges than 
—— 


"ora 


Эше. 


RELATIONS 


6. 


12345286 7 8 9 10 11 12 13 14 


Draw and mark two lines as shown. ; 
Draw a straight line from the point marked 1 on one line to the point 
marked 14 on the other. Call this line (1, 14). 
Go on to draw the lines: (2, 13), (3, 12), (4, 11), (5, 10), (6, 9), (7, 8), 
(8, 7), (9, 9), (10, 5), (11, 4), (12, 3), (13, 2), (14, 1). 

16 


ty y О 
$22 $9 


› however, 38 is 2 more than 36. So we think of 
(19, 38) as (19, 2) i 


Go on in this wW: 
(35, 70), (36, 72) 


& 
2 
5 
a 
& 
ge 
= 
a 
= 
5 
e 
n 
© 
ind 
fs) 
© 
A 
e 
Ке 
S 
~ 
ә 
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RELATIONS 


` B. Showing ordered pairs on a grid 
In the earlier books in this series we showed numbers as points on a 
number line. We now look at some ways of showing pairs of numbers, 


using number lines. 
Here are several ways of showing ((1, 2), (2, 4), (3, 6), (4, 8)). 


Seond 0 1 2 3 4 5 6 7 8 
number = 


o $7 2 8 4 First number 


N U A aan с 


Second number 


о 1 2 3: 4 First number 
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RELATIONS 


8 »-——————9 
7 
6 M 
Ф 8 
Ко | 
ES Е 
2 4 = 
E Е 
93 S 
D N 
v2 
1 D 
O 
бө, г. ‚у 4 | 
First number First number 
Each of the five dia 


grams shows the set of ordered pairs. Any of them 
can be used for this purpose but the one most frequently used is that 
shown above, on the right. If a prepared grid is used, the points showing 
the ordered pairs can be quickly marked. 


Here are two other examples of ordered pairs shown as points on 
a grid. 


100, 0), (2, 1), (4, 2), (6, 3), (8, 4)} {(0, 0), (1, 3), (2, 6), (3, 9)} 


N о d 
MO = cO co © 


— 
Second number 


Second number 


o 
-— 


© 


o 1 2 9 
First number 


RELATIONS 


Exercises 
8. (i) Write the set of ordered pairs shown on the grid. 
(1) Show the ordered pairs by an arrow graph. 
(iii) What does the arrowed line represent in the arrow graph? 


(a) (c) 
6 6 
~ 55 
Q о 
24 24 
E - 
g v3 
S С 
© © 
Ф Ó 


о 2 м о 
О = M 


D 1 S 3 4.5 8 


2 
First numbe First number 


Second number 
Second number 
л Сб) ч со 


"ЛАТ 


012 3 60412346 6 7 в 9 101! 12 
First number First number 
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RELATIONS 


9. Show the set of ordered pairs on a grid: 
(а) (0,0), (3, 1), (6, 2), (9, 3)} 
(6) (6. 1), (6, 2), (6, 3), (6, 6), (5, D, (5, 5), (4, 1), (4, 2), (4, 4), (3, 1), 
(3, 3), (2, 1), (2,2), (1, 1)} 
(с) (1,0), (3, D, (5, 2), (7, 3), (9, 4), (11, 5)) 


For each write a statement to show how the second number of each 
pair is related to the first. 


In exercise 8(a) the set of first numbers is (1. 2, 3, 4, 5, 6, 7} and the set 
of second numbers is (0, 1, 2, 3, 4, 5, 6}. E 

In exercise 8(b) the set of first numbers is (0, 1, 2, 3) and the set of 
second numbers is {0, 4, 8, 12}. 


Special names are given to these two sets. The set of first numbers is 
called the domain. The set of second numbers is called the range 
So in exercise 9(a) the domain is {0, 3, 6, 9} 
and the range is {0, 1, 2, З}. 
In exercise 8(c) the domain is (1. 2, 3, 4, 5, 6) 
and the range is (1,2, 3, 4, 5, 6). 
Using domain and Tange, exercises 8(a) and 8(c) are shown as: 


(a) (c) 
6 

5 

4 

Ф 

2 

ЄЗ 

с 

2 

1 

о 

ОИ ке 3 о 1 2 3 4 Б 6 

Domain 


Domain 
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S.C.E R T., West Benga) 
RELATIONS Паге! ie. 7... 
The members of aM Nowe ei afé*hot always numbers. For 
example in the first arrow graph on page 13, 
the domain is 
(Lagos, Rome, Montreal, Accra, London, Nairobi, Brisbane} 
the range is р 
{Nigetia, Italy, Canada, Ghana, England, Kenya, Australia}. 
In the last arrow graph on the same page, 
the domain is (Jide, Yusuf, Grace, Mary, Anieke} 
the range is (boy, girl). 


Exercises ° А 
10. Write the domain and the range. 
(a) 


Ф 

© 

c 

© 

се 

(b) ; (d) is heavier than « 
is of age —— 


| ES unas ^ 
[^ pr^" ~ 


RELATIONS 
C. The idea of a relation 


In each of the exercises we have done so far we have been ve s 
i connection between the members of a set ог between the members o e 
set and those of a second set. The result has been shown as a set o 


statements, an arrow graph, as points on a grid, or as a set of ordered 
pairs. For example: је 


is a half of 
== 
1 5 a half of 2 


2 
2 is a half of 4 i 4 
3 is a half of 6 . 


(Я, 2), (2, 4), (3, 6), (4, 8) 


Important ideas in this Chapter 
1. The idea of ordered pairs, 

2; Showing ordere 
3. The idea of are 


d pairs on a grid. 
lation. 
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4. USING LETTERS TO SHOW RELATIONS 


Look at this relation. 


The set of ordered pairs is:. о = | -4— |_(- 
(0,0), (1, 2), (2, 4), (3, 6), (4, 8), (5, 10)). 9 1 — 
мшш ше ' 
The domain is (0, 1, 2, 3, 4, 5}. 74 7" |. LE 
6: | T—$— | 
o | 
У AC er ни“ па аа. па 
Тће гапре 15 (0, 2, 4, 6, 8, 10). E: As ы me | 
The connection between the fifst 3 LL 
number and the second number of each T | M ПЕЋ LL 
Ordered pair can be expressed as: 
о either 
a number is a half of second number a зоре oe таг € 


И Domain 
Second number — (first number) x 2. 
Instead of writing ‘first number’ and ‘second number’ in full we can 
Save time by using: 
f for ‘first number’ and s for ‘second number’ 
The connection between the two numbers of each pair is then shown as: 


either f = 3s ors =f х 2. 
The second of the two ways can be written as 5 = 2 x f, or more 
Shortly, as s — 2/ 


Exercises 
1. Use s and f to show the connection between the first number and the 
second number of each ordered pair in the relation: 
(a) ((1, 3), (2, 6), (3, 9), (4, 12), (5, 15), (6, 18), (7, 2D] 
(Ы) ((1, 2), (2, 3), (3, 4), (4, 5)} 
(с) {(1, 0), (2, 1), (3, 2), (4, 3), (5, 4), (6, 5)) 
(d) ((0, 0), (2, 1), (4, 2), (6, 3), (8, 4)} 
(е) {(0, 1), (1, 3), (2, 5), (3, 7), (4, 9), (5, 1} 
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USING LETTERS TO SHOW RELATIONS 


2. Use f and s to describe the relation represented by the set of dots. 
(a) 


= мо Fao ~ 


90 1 2 34 Б 6 act 2 S Se 


® | © 


ю о Fa ос ~ сто o 


c 


o 


ОТА 2! 3 4 
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USING LETTERS TO SHOW RELATIONS 


3. Show on a grid the relation represented by: 


@s=f+2(forf=1,f=2,f=3,f=4f=5). 
(Ы) = 27 3 (forf = 2,f = 3,f = 4f = 5,f = 6). 


In exercise 3(a) the values of f to be used can be shown more shortly in 
several ways. For example: 


0</<6 0</<5 ISSE 


The first way, 0 < f < 6, can be read as: 
nought is less than f and f is less than six. 
It could also be read as: 
fis between nought and six. 


Note: (i) At this stage we are using only natural numbers for f. Later 


* we shall use fractions. А р 
(ii) When we say that f is between nought and six, we imply that 
all the natural numbers between 0 and 6 are used, in turn, for f. 


The second way, 0 < f < 5, can be read as: 
nought is less than f and f is less than or equal to five. 
The third way, 1 < f < 5, can be read as: 
one is less than or equal to f and f is less than or equal to five. 
Each of these three ways describes the set 11,.2, 3,4, Ej Using, for 
example, the third way, we can now rewrite (a) and (b) of exercise 3 as: 
@а)з= f+2 (1</<5) 
(б)з=2/—3 (2</<6) 


Note: In the above section we have used is less than or equal to and the 
Symbol <. We could, of course, use is greater than or equal to and the 
Symbol >, to show the values of f. That is, 5 > f > 1. 


Exercise 

4. Show in a shorter way: 
(а) {1, 2, 3, 4, 5, 6, 7, 8, 9} (©) {5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15} 
(b) {0, 1, 2, 3, 4, 5, 6} (d) (95, 96, 97, 98, 99, 100, 101, 102) 


25 


USING LETTERS TO SHOW RELATIONS 


It is not always possible to use f and s 6 

to show a relation. For example, in 5 

the graph showing is a factor of for 

(1, 2, 3, 4, 5, 6), we see there 15 4 
3 
2 


more than one value of s for f — 1. d 
This is also true for f — 2 and f = 3. 

In this case it is not possible to show 

the connection between s and fin 1 
a simple way. 


It is much easier to show the connection between s and f when to each 
value of f there is only one value of s. When there is only one value of s 
for each value of f the relation is given a special name. It is called a " 


function 
Exercises 
5. Is the relation a function? 
(a) 
5. 
j à 
3 
5 
2 
1 
о o [ 
OF 23 4 5 


f 
6. Is the relation a function? 
(а) (00, 1), (1,4), (2 7), (3, 10} (с) (4,3) (2, 1), (2, 5), (3, 0), (3, 6 
» 7), (3, > 3), 2, D, (2, 5), (3, 0), (3, 6)} 
(Б) ((1, 2), (1, 3), (1, 4j (9 {(1, 1), (2, 4), (3,9), (4, 16)} 
Important ideas in this chapter 
1. The use of letters to Show a relation. 


2. The use of <, >, <, and > in describing a set of numbers. 
3. The idea of a function. 
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5. CONTINUOUS LINE GRAPHS 
A. The use of a scatter graph 


A teacher in a school decided to find out how far the children lived from 
school. He found the distances for ninety children of various ages. The 
results are shown below. Each dot shows the information for one child. 


© 


Distance (kilometres) 


5 6 7 8 9 10 11 12 
| Аде (уеаг5) 


Exercises 
1. From the graph find how many children: 
(a) aged 8 to 9 live less than 2 km from the school. 
(b) aged 6 to 7 live less than 1 km from the school. 
(c) aged 9 to 10 live less than 3 km from the school. E 
(d) aged 11 to 12 live more than 2 km from the school. 
2. From the graph find how many children altogether live: 


(a) more than 2 km from the school. 
(b) less than 24 km from the school. 
3. What fraction of the children live: 


(a) within + km from the school? 
(b) more than 14 km from the school? 
(c) less than 14 km from the school? 
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A graph to show the height A graph to show the time taken 
(in centimetres) of each of by each of the ninety children to 
the ninety children. run 50 metres. 


Height (centimetres) 


5 6 7 в 9 10 11 12 
56 7 8 9 10 11 
Age (years) Age (years) " 


Exercises 

4. Look at the two 
In what ways do 
In what ways do 


graphs above. What do you notice? 
the two graphs differ? 


the graphs differ from the graph on page 27? 
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Exercises 
7. Make a drawing to show what you think the pattern of dots would 
look like if you drew a scatter graph for: 


(a) (c) (e) 


Cost 


Shoe size 
Selling price 


Height i Age of car Length of ribbon 


ш @ © ., 


Distance car goes 
Number 
bought for £1 

Intelligence 


Litres of petrol Cost of article Height 


8. Record in a table the number of pages and the cost of each of thirty, 
or more, books. 
Show your results as a scatter graph. 
What does your graph tell you about the re 
number of pages and the cost of a book? 

9. Record in a table the length and the width of different rectangles with 

a perimeter of 48 cm. [ 
Show your results as a scatter graph. What do you notice? 

10. Suspend a length of elastic (a rubber band or a light spring will do 
equally well) from a nail. Attach various masses (e.g. 50 grammes, 
100 grammes, etc.) to thelowerend ofthe elastic and for each measure 
the total length of the stretched elastic. 
Show your results as a scatter graph. W 
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lationship between the 


hat do you notice? 


CONTINUOUS LINE GRAPHS 
B. Joining points on a graph 


In many of the graphs we have drawn most of us have noticed that the 
points seemed to be in a straight line or ina curve. Some of us may have 
thought of joining the points to make the straight line or the curve. 
Let us find out whether we ought to do so. 


A car goes 12 km on 1 litre of РЕ 
petrol. 


The points on the graph show how 


far the car goes on various numbers 40 
of litres of petrol. = 
These points are all on a line. =30 
If we consider another point оп ће © 
line (e.g. that for 14 litres) we see 8 2g 
that the corresponding distance is a 
what we would expect (i.e. 18 km). 05 
This is true for all points оп the 

line. 

So in this example we are right to 0 0 1 2 3 4 
draw a line through the points. 


Petrol used (litres) 


at. 


НЬ кыы, 


This graph shows the number of 
books needed to provide two each 
for various numbers of children. 
Again we could draw à straight line 
to pass through all the points. 

It would, however, serve no 
purpose. We can have only whole 
numbers of children and whole 
numbers of books. 
It would be wasting our time to say, 
for example, that 14 children need 
24 books. 

It would be wron 
this case. 


Number of books 


= 


o 


£ to draw a line in i 2 3 4 5 6 
Number of children 
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Exercises 


11. 


12. 


From the four graphs we have just co 
to think very carefully before we join t 
Sometimes it is sensible and correct t 
Tepresent possible ordered pairs. 


A metal ball is shot 
upwards and its distance 
from the ground is 
measured every second. 
ТКе results are shown 
in the graph. 

Would it be right to 
join the marked points 
by a curved line? 

Give reasons for your 
answer. 


Forty-eight pounds are 
shared equally among 
some men. 

The graph shows how 
much each man gets 
according to the 
number of men 
sharing. 

Would it be right to 
join the marked points 
by a curved line? 

Give reasons for your 
answer. 


©: 1 


80 =! 
= e ° 
9 70 | 
E | 
£60 [ р ° 
B | | 
g 50 — - | 
9 40-—- і ae 
5 . it 
= 30 B T m 
o 
= 20 SS чүш єл 
2 2-4] 
2 10 T 
ишы шш и" у 


2 d w Б 8 8 
Time (seconds) 


wo 
o 


N 
o 


Amount of each share (£) 


23 4 5 6 7 8 
Number of men 


nsidered we realise that we have 
he marked points on a graph. 
o do so. The in-between points 


For other sets of points it is wrong to 
join them. The in-between points have no meaning. 


31 


CONTINUOUS LINE GRAPHS 


C. Naming lines 
If we look very carefully at the line 
we see that for every point on it 
s=f+1 

For this reason we often refer to 
the line itself as 

theline s=f+1 
This is a helpful notation as it tells 
us the relationship between the two 
numbers of the ordered pair 
shown by each point on the line. 


Although f and s are the two letters 
Which we first thought of using to 
represent first and second, they are 
not the ones usually used for this 
purpose. The letter x is usually 
used for the first number, and the 
letter у for the second number. y 
There is no particular reason for 
this choice. It is just tradition, 
Using x and У we refer to the line 
as 

у=х+1 
This statement is often called the 
equation of the line. 
The line shown is for 


values of x from 
extended for larger do 


mains, 


X 
0 to 4. It could, of course, be 


Exercises 

13. Draw the line: 

(а) у = 2x for 0<х<5 (D S10 — dos 0x xa 

(Dy =2x— 1 for le3x6( pei. ke l<x<4 

(© y — ix for 0s x « 10 (0 у=6- 4 fo 0<х<9 
32 


2 3 4 5 6 7 


| 


(d) 7 
33 


0 2 4 6 8 10 12 


14. Find the equation of the straight line. What is the domain? 


(a) 7 
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CONTINUOUS LINE GRAPHS 


15. A set of squares have edges of length 1 cm, 2 cm,3cm,...,10 em. 
Find the area of each square. Show the results in a table, like this: 


| Length of edge (cm) t [|2 [з 4 | 5 | 6[ 7 | 8 | 9 | 10 
| Area of square (cm?) | | 
Also show the results as a graph. | 


Do you think it is right to join the points? If so, say why. 
What is the equation of the line? 


In exercise 15 most of us probably drew a curved line, part of which is 
shown below. In the graph on the left convenient Scales have been used 
for x and y. In the graph on the right the same scale has been used for 


both x and y. We also probably wrote down the equation correctly as 
у= ж 


There is, however, another way of writin 
as x?. Wercad thisas x squared. Using this not. 
of the curve as у = x?, 

This curve is called a parabola. We 
show graphically a set of ordered 
each pair is the square of the first. 

46 вани ти 


ЕН ИН 


ЕНЕН НЕ 


8 X X x. We can write it 
ation we write th > equation 


always get a parabola when we 
pairs in which the second number of 


t 
1 
: 


eo ee ; 
60 
50 H 
40 | E 
ys LH 
T 1 
30 H | | 
20 HH 
104 
0 
0 
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Exercise 
16. A rectangular piece of tin is to be cut with an area of 24 cm?. 
Write, in table form, some of the possible lengths and widths of the 
rectangle. 
Show your results as a graph. 
Dosyou think it is right to join the points? If so, say why. 
What is the equation of the line? 


In exercise 16 most of us probably decided that we could join the 
marked points as the length of the rectangle could be any number of 
centimetres between 0 and 24. It did not have to be a whole number. 
The kind of curved line obtained is shown below. 


а 
л 


Width (у) 


E 
o 


0 Б по 1 о ES 
Length (x) 


The equation of the line can be written in various ways. For example: 
X X y — 24 xy — 24 у=24+х pc 


This is another important curve. It is called a hyperbola. The graph ofa 
set of ordered pairs for which the product of each pair of numbers is the 
Same is always a hyperbola. 
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Exercises 


17. 


18. 


19. How would you decide 
looking at their equations? 


Copy the graph. 
Write the equation 
of each line. 

What do you 
notice? 

How does the 
equation of a line 
indicate the 
steepness of the 
line? 


Copy the graph. 
Write the equation 
of each line. 

What do you 
notice? 


10 

9 

8 

7 

6 

» Al is 
4 

3 R 
2 a! _ 
1 

о” 


91 28 4 567 s 10 
x 


whether two Straight lines are parallel by 
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20. 


2 


= 


22. 


23. 


24. 


25. 


26. 


A man starts to work at a salary of £700 a year. Each year he has 
an increase of £20. 

Draw a graph to show how much he earns each year during his 
first ten years. 


‚А car travels 12 kilometres on 1 litre of petrol. 


Draw a graph to show how far it travels as it uses each of the 6 
litres in its tank. 


Use the graph on page 34 to find the area of a square with edge: 
(a) 6:5 cm (b) 3:5 cm (c) 4:5 cm 

Use the graph on page 34 to find the edge of a square with area: 
(a) 50 cm? (b) 30 cm? (c) 60 cm? 

Collect a set of circular objects (tins, plates, wheels, etc.). Measure 
the diameter and circumference of each. 


Show sour results as a graph. 
What do you notice? 


Tie a small loop at one end of a piece of 
fine string about 60 cm long. Put the loop 
Over a nail in a wall. 

At the bottom end of the string tie a small 
piece of metal. у 
Measure the distance from the nail to the 
piece of metal. 

Now let the metal swing to and fro 
through a small angle. 

Measure the time, in seconds, for 20 
Swings. 

Now change the length of the string. 
Again find the time for 20 swings. 

Repeat for other lengths of the string (from 30 cm to 100 cm). 
Show your results as a graph. | 

Can you decide from your graph how long the string must be so 
that a swing takes one second? 

Measure, to the nearest centimetre, the heights and chest measure- 


ments of 50 boys of about the same age. | 
Show the results as a graph. What do you notice? 
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D. Drawing some interesting curves 


We finish this chapter by looking at some of the ways in which we can 
draw several of the curves which occur in nature and in the world around 


us. 


Exercises 


27. 


28. 


29. 


This is an activity we use in marking out a football pitch. Put a stake 
in the ground. Tie a loop at one end of a length of strong rope or 
thin wire and place it round the stake. At the other end of the rope 
fasten a paint brush. 

Keeping the rope taut and brush vertical (and dipped into paint 
from time to time) move forward and paint the ground. 

What shape is obtained? 

Indoors, on a sheet of paper, a drawin 
piece of string can be used in 
of the brush. 

A pair Of compasses is based on the same idea. e 


£ pin can replace the stake, a 
place of the rope, and a pencil in place 


Place a sheet of plain paper ona 
drawing board or other flat 

wooden surface. 

Place two pins 10 cm apart in 

the board. 

Arrange a loop of string, about 

25 cm long, round the pins and 

place a pencil in the loop, as shown. 
Keeping the string taut, move the pencil. 
What shape is traced out? 
Investigate the effect of var 


à ying the distance between the two pins. 
What relationship between 


an ellipse and a circle is indicated? 
Draw two lines at right-angles to 
each other. Place a strip of wood or 
thick card in the position shown. 
Draw the coloured line. 

Move the strip to other positions 
(making sure its ends touch the two 
lines). Repeat many times (in all the 
four spaces). 

An astroid is produced. 
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30. Draw a straight line on a sheet 
of paper and place a large coin 
on the paper and on the line, as 
shown. 

Place the edge of a ruler along 
the line and ask a friend to 
hold it in place for you. 
Mark the coin where it 
touches the line. 

Slowly roll the coin along the 
ruler and from time to time. 
mark, on the paper, the ` 
position of the red mark. 
Join these marked points. 

A cycloid is obtained. 


3 


‚ Drawa large circle and mark 
it off into 48 equal parts as 
shown. 

Number the points from 1 to 
48. 

Join, by straight lines, the 
pairs of points: (1, 2), (2, 5), 
(3, 8), (4, 11), (5, 14), etc. 
Draw a line from every 
marked point. 

Remember, for example, 

that (20, 59) can be thought 
of as (20, 11). (59 is once 
round the circle and 11 more.) 
А curve called a nephroid is obtained. | 

Note: Instead of joining the points by pencil, coloured thread can 
be used. This produces a colourful design. 


Importent ideas in this chapter 22. iA 


1. The use of a scatter graph to show relations. fet быс 2 
2. Deciding when points оп а graph can be joined. | © 5 
H © 
3. The idea of the equation of a line. # E - 
4. Practi ing curves. -— 0 
ractical ways of drawing 9, Ow » 
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ANSWERS 


1. SHOWING RELATIONSHIPS 
1. (a) Jide (b) Anieke 
Jide is the tallest; Anieke is the shortest. 


2. ds shorter than 


3. (а) Rashiel (Ы) Ada 
4. (a) is the brotherof (Б) is the brother of 


“з 
e 


= 
5. (а) Two; A and C. (b) Three; K. S, and J. 
(b) 


6. (а) is the sister of 
25226 


és the sister of 
—— 


9. (a) is one third of. 
(b)is the same age as is one of many 
possibilities. 


10. ТЕ: loop is drawn because each number is 
а factor of itself. 


2 is a factor of 2; 4 is a factor of 4, 


11. The loop is drawn because each number is 
a multiple of itself. 3 is a multiple of 3. 


12. is a factor of 13. isa factor of 
ре pesci 
2 
ADSD 
2 


12 


a 


40 


14. 15. 


és a multiple of 


isa multiple of 


17. (a) Jide is in class 6 and is 11 years old. 

His father is Mr Jegede. 
Jide wears size 3 sandals. 

(b) Grace is in class 4 and is 8 years old. 
Her father is Mr Okon. 
Grace, wears size 10 sandals. 

(c) Anitke is in class 1 and is 5 years old. 

^ His father is Mr Abegunde. 

Anieke wears size 9 sandals. 


18. Jide and Mary are brother and sister. 


20. s 
is a city in 
2 
21. 


22. (a) is 2 more than 


(c) is three times 
(b) is a half of 


23. (a) is a third of 


(b) ^s one more than twice 


(с) is one less than twice 
SN 


ANSWERS 


24. (a) (b) (с) (d) 


multiplied by itself gi ipli ^ ipli À & 
tiplied by itself gives multiplied by 2 gives multiplied by 5 gives is 10 less than 


1. (а) 


aa o 


офу ыо фо 
ms оф 


8. (a) 2 (c) 3 (е) 4 
(b) 2, rem. 14 (d) 3, rem. 13 

3. RELATIONS 

1. ((1, 7), (2, 14), (3, 21), (4, 28), (5, 35), (6, 42)} 
{(10, 8), (10, 6), (10, 4), (8, 6), (8, 4), (6, 4)} 
{(Rashiel, Ada), (Rashiel, Omono), 
(Rashiel, Caro), (Rashiel, Grace), 
(Rashiel, John), (John, Rashiel), 


(John, Ada), (John, Grace), (John, Caro), 
(John, Omono)} 
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{(Jide, boy), (Yusuf, boy), (Grace, girl), 
(Mary, girl), (Anieke, boy)} 
2. (a) {(14, 12), (12, 10), (10, 8), (8, 6)} 
(b) {(24, 18), (24, 12), (24, 6), (18, 12), 
(18, 6), (12, 6)} 
(c) {(5, 6), (5, 8), (5, 10), (7, 8), (7, 10), 
(9, 10) 
(d) {(20, 10), (40, 20), (60, 30), (80, 40)} 
3. (a) {(15, 22), (30, 37), (45, 52), (60, 67), 
75, 82)} 


(b) feeroplans, car), (aeroplane, bicycle), 
(aeroplane, canoe), (car, bicycle), 
(car, canoe), (bicycle, canoe)} 

(c) {(5, 55), (6, 66), (7, 77), (8, 88), (9, 99)} 

(d) (03, 14), (1, 3), (135 44), (2, 6), (24, 74)} 


(d) 


is less than 
=== 


(с) 5 greater than 
NOR. 


(f 


у) О) ЮО) 


8. @) © (01,0), (2, 1), (3, 2), (4, 3), (s, 4), 
(6, 5), (7, 6)} 
NE 


(iii) > represents —1 (or is one more 
than). 
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(Ы) (1) (00, 0), (1, 4), (2, 8), (3, 12)) 
Gi) ха 

Ce 

= г 


12, 


(iii) + represents x 4 (or isa quarzer of). 


©) @ (0, D, (1, 2), (1,3), (1, 4), (1, 5), 
(1, 6), (2, 2), (2,4), (2, 6), (3, 3), 
(3, 6), (4, 4), (5, 5), (6, 6)} 


is a factor of 
== 


(i) 


(iii) => represents is a factor of. 
(9) (1) (0, 12), (1, 11), (2, 10), (3, 9), (4, 8), => 
(5 


() 
2 
3 
4 
5 
6 
7 
8 
9 
о 
1 
2 


(їй) > represents subtracted from 12 
gives. 


CHEER 


61 
8 * 


0123456 
First number 


9. (a) 


The second 
(b) 6 


number is one third of the first. 


1,2 3.4 6 6: 
First number 


The second number is a factor of the first. 


ANSWERS 

(c) s5 | + 
t4 + 
EH + 
Bl | 
$1 + 
5 ишнишишиш! 

012345678 91011 
First number 


The second number is a half of one less than 
the first. 


10. (a) Domain: {0, 1, 2, 3, 4, 5, 6} 
Range: {0, 1, 4, 9, 16, 25, 36} 
(b) Domain: {Jide, Yusuf, Grace, Mary, 
Anieke} 
Range: {5, 6, 8, 11} А 
(c) Domain: (0, 1, 2, 3} Ыы 
Капре: {0,3,6,9} 


(d) Domain: (elephant, horse, dog} 
Range: {һогѕе, dog, chicken} 


4. USING L&TTERS TO SHOW 
RELATIONS 


1. (а) = 37 ()s=f-1 (е)5=2/+ 11 
(b)s =f+1 @)s=4f 
2(as=4f (b)s=3f+1 (Os-/xf 
3. (a) (b) э 
, ЕЕ 
THE EI 
АД S4 |? 
"BHH SEE 
2 | 5 1] 
"БН Свв 
01 ar 45 012 E 456 


(с) 5</<15 
(d)95 <f < 102 
5. (а) Function (b) Not a function 


6. (a) Function (c) Not a function 
(b) Nota function (d) Function 


5. CONTINUOUS LINE GRAPHS 


1. (а) 9 (c) 3 
(b) 4 (d)3 


2. (а) 25 (b) 80 


3. (a) 3% (5) $8 


9.| Length in cm | 23 | 22 | 21 | 20 4 
on to 


Width incom | 1| 2| 3| 4 22|23 


Many other lengths and widths involving 
fractional values could be included. 


0 5 1015 2025 
Length (ст) 


The points on the graph are not scattered 
at random but lie on a straight line. 


11. It would be right to join the points by a 
curved line. For every time between 0 and 
8 seconds there is a height. n 


12. It would be wrong to join the points. We 
cannot have fractions of a man. 


< 


о-юо»асмчоо 


© 
кю 
© 
> 
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15. 

Lengiior 2 4| s| 6|7|s| 9| 10 
edge (cm) EIS 

Ата о, [|а ов |25 | з6 |49 |ва | sx [100 
square (cm?) 


16. 
17. 


18. 


0012345678910 
Length in cm 


It is reasonable to join the points with a 
smooth curve, as shown, because between 
the squares sve have chosen there are many 
more. For example, between squares of 
edge length 4 cm and 5 cm we could have 
squares of edge length 42 cm, 4-38 cm, 
4:813 cm, etc. 

The equation of the line is y = x x x 
(or y = 22). 


See text below the exercise. 


Us 
о-могтпа~чосв 


As the number by which x is multiplied 
gets bigger so the steepness of the line 
increases. 


The equation of each line (reading from 
top to bottom) is: y = x + y= x +25 
у=х;у=х-3;у=х— 5, 


19. 


20. 


21. 


22. 


23. 


24. 


28. 


The graphs all have the same slope. 

The lines above y — x all have numbers 
added to x in their equations. 

The lines below y — x all have numbers 
subtracted from x in their equations. 

The bigger the number added or sub- 
tracted, the further is the line from y = x. 


The number by which x is multiplied isthe 


same, e.g у = 3x + 1 is parallel to 
у = 3х ~ 2. 


of 

H 
H 
H 


8 
| 


Annual salary (£) 


= 


700 


901234 5$ 
Volume of petrol 


used in litres 

(а) ~ 42cm? (е) ~ 20 cm? 

(b) ~ 12cm? 

(The symbol ~ represents 'approximately.) 
(а) ~ 7-1 ст (c) ~ 77 cm 

(b) ~ 5:5 cm 


The graph is a straight line. 

с = 3d where c is the circumference, d the 
diameter, and ~ Tepresents ‘is approxi- 
mately equal to’. 


The circle is a special kind of ellipse. It is 
produced when the two pins are in the 
same position (i.e. only one pin is used). 


„шш 


